The elevated temperature curing could cause rapid evaporation of moisture from geopolymer framework, which in turn will trigger a drying shrinkage to the specimen and affect the performance of hardened geopolymer. Different studies have been done on the characteristics of fly ash based geopolymer, yet scarce studies are available on the addition of self-healing agent to reduce shrinkage phenomenon during heat curing. This study experimentally examines the effect of PVA (poly ethylene vinyl acetate) as a self-healing agent on the mechanical properties of geopolymer mortar after 24 hours curing in various temperatures. The effect of PVA was evaluated at 1% of fly ash weight in geopolymer mixture with various curing temperatures of 70, 80, and 90 ºC. The curing process of geopolymer mortar was done for 24 hours without any post-cast detainment period. Compressive strength and porosity tests were conducted to provide fundamental information on the hardened properties of geopolymer mortar. Based on the results, 90ºC heat curing showed higher improvement on compressive strength properties than other specimens. Strength development of geopolymer mortar was also affected by various geopolymerization rate that relies on the heat exposure.
Introduction
Geopolymer is synthesized from aluminosilicate sources, which are rich in alumina and silica, and classified as inorganic polymers. It is generally activated using alkali solution and results in a three dimensional polymeric chain and ring structure consisting of Si-O-Al-O bonds [1] . Geopolymer reaction is endothermic in nature and more favorable at higher curing temperatures. It is due to the fact that polycondensation process in geopolymer is relying on the elevated temperature, particularly during its curing period, to accelerate the reaction rate and form hardened geopolymer. Nevertheless, elevated temperature curing may cause rapid evaporation of moisture from geopolymer framework, which in turn will trigger a drying shrinkage to the specimen. Microcracks resulted from drying shrinkage will be interconnected via micro pores which affecting the structural performance of hardened geopolymer binder. Premature failure, large interfacial transition zone, high permeability, and low durability are several issues arise from the massive existence of microcrack in the geopolymer's framework. These microcracks can be reduced by filling the micro voids using additional substance having comparable strength to the surrounding binder.
Crack healing has been receiving much attention from many researchers, particularly in the field of self-healing material to overcome the microcrack issues in concrete. Several researches were performed by using bacteria and polymer to fill the voids in the microstructure of concrete either using external intervention or self-healing methods. White et al. (2001) introduced microencapsulation approach incorporating the self-healing agents to heal the materials [2] . The mechanism involves the releasing of self-healing agent into the crack path when the embedded microcapsule ruptured by crack progression. Meanwhile in 2008, Jonkers et al. proposed the use of biological repair technique by using bacteria [3] . However, the microbial precipitation depends on several factors such as pH, the concentration of calcium ions, the concentration of dissolved inorganic carbon and the presence of nucleation sites. Expansive agent and mineral admixtures have also been studied as the alternative self-healing materials. Based on studies conducted by Rong (2011), there were several commercial self-healing agents available for microcrack refinement purpose such as monomers styrene, methyl-methacrylate, poly (vinylpolypyrrolidone), and tetraethyl orthosilicate (TEOS) [4] .
Nevertheless, the previous self-healing studies were conducted solely for ordinary Portland cement (OPC) based environment. Therefore, this research is proposed to study the possibility of alternative polymer, namely polyethylene co-vinyl acetate (PVA), to be used as self-healing agent in geopolymer system. Fundamental study on the effect of PVA addition as a self-healing agent was conducted in various curing temperatures to determine the suitable activating temperature that will enhance the contribution of PVA in self-healing mechanism.
Methodology
In this study, fly ash was used as the main source material and combined with Na 2 SiO 3 solution and fine aggregate to produce geopolymer mortar. PVA was added at 1% of fly ash weight to observe its role in the self-healing mechanism as the curing temperature increased. To enhance the dispersion of PVA pellet in geopolymer system, it was ground to achieve the maximum size of 2 mm prior to the mixing process. Fresh geopolymer mortar was cast into 50 mm steel cubes and cured in an electronic oven for 24 hours. Curing temperature was set to 70, 80, and 90 ºC without any post-cast detainment period. To observe the effect of various curing temperature into the activation of PVA as self-healing agent, compressive strength and porosity test were conducted on the hardened specimen at early and later age. Table 1 shows the detail of mixture proportions used in this study. 
Results and Discussions
Compressive Strength. Fig.1 and Fig. 2 show the compressive strength of geopolymer mortar containing PVA at day-1 and day-28, respectively. The effect of elevated temperature during the maturing process of geopolymer framework is very apparent in here, where the increasing curing temperature was followed by the rapid development of compressive strength. Addition of PVA in 70 and 80 ºC specimens provided null improvement to the strength performance of geopolymer framework. The opposite trend was presented by 90 ºC specimen, where the strength of mortar containing PVA was higher than control. It was believed that PVA particles have dissolved incompletely at lower temperature, which would provide weaker interconnection in geopolymer system. Better liquefaction of PVA particles in 90 ºC specimens produced denser microstructure, and support the loading transfer within geopolymer matrix. Nevertheless, high temperature curing in this study carried an adverse effect to the strength performance of geopolymer mortar after 28 days (Fig.2 ). It appears that rapid polycondensation and gelation of geopolymer precursors produces less durable frameworks in this research. It might resulted from the unstable polymerization of sodium silicate, hence premature framework produced by rapid polymerization rapidly decomposed and created weaker structure to sustain the applied load [5] .
Porosity. Fig.3 and Fig. 4 demonstrate the microstructural development of geopolymer mortar with its relation to compressive strength properties at day-1 and day-28, respectively. Better reliability on the compressive strength and permeable voids correlation in PVA specimens indicated proper void filling mechanism provided by PVA as the curing temperature increased. Lower reliability presented by non-PVA based specimen reveal the role of rigidity concept in geopolymer framework more than micro voids concept in relation to the compressive strength properties. Nevertheless, missing in bonding between fly ash particles and enhancement on the diffusion of alkali cations also affect the distribution pore size in geopolymer [6] . In fact, when dissolution rates is higher, it produces a more porous structure than polycondensation process, but it gives high geopolymerization rates and therefore the compressive strength continuously increases. The rupture of premature geopolymer frameworks is demonstrated in Fig.4 , where the data have shifted to the right side of the chart. It indicates that the volume of permeable voids in geopolymer mortar has increased significantly at later age, which was an opposite trend to the ordinary Portland cement system. It corroborates the decreasing compressive strength phenomenon in the previous subsection.
Conclusion
In general, the addition of PVA as self-healing agent in geopolymer mortar presented an encouraging effect, particularly related to the compressive strength and void filling mechanism. The use of high temperature curing was able to initiate the reaction of PVA, yet it carried the adverse effect of lower durability. Therefore further study is required to determine the most optimum activating temperature for PVA in geopolymer system, hence its potential can be thoroughly explored. 
